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SUMMRRY

As part oi?a general investigation of supersonic inlets in the
NACA Lewis 8- by 6-foot,supersonic wind tunnel, tests were cotiucted
to determine the force and pressure-recovery characteristics of a
mdel utilizing a single-shock spike-type inlet with a perforatad
cowl. Wernal and internal ~essure distributions, pressure
recovery, and lift, drag, and pitching nmnent were measured for a
range of mass-flow ratios at angles of attack frm 0° to 10° for
free-stresm Mach nwnbem of 1.59, 1.79, end 1.99. The average
Reynolds number based on the inlet diaeter wae approximately

2. 4X106.

The use of a perforat~ cowl resulted in the attainment of
a high pressure recovery at zero angle of attack, but waa accom-
panied by a relatively large increase in external dxag sa coqarsd
with nonperforated inlets of the ssme proportions. Throughout the
range of stable operation, the total-~~ssure recovery deoressed
with incressing angle of attaok, particularly at Mach numbers of
1.79 and 1.99.

Stable flow was observed at the design Mach number of 1.79
for the hi@er mess flows at zero angle of attack. The range of
mass-flow ratios with stable opration decreaaed with increasing
angle of attack and at 10°, shock oscillation wss “observedfor all .
but the supercritical mass flow.

The calculated average sulyJonic-flow ooefficient of the per-
forations for a free-stream Mach nmnber of 1.79 and zero angle of
attack was 0.53.
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INTRODUCTION

The use of perforations in an inlet to obtain effi.ci.entsuper-
sonic diffusion hss been Investigated and is reported in references 1
to 3. The results of these investigations.show that high pressure
recoveries can be attained at zero angle of attack. Increeses in
drag, however, ez’ealso associated with these high pressure recoveri&
and must be teken into consideration in the evaluation of the per-
formance of a perforated inlet. In order to campare the petiormsnce
of a perforated inlet with that of other types of supezwonic inlet,
a single-shook conical-spikeexternal-internal compression inlet
utilizing a perforated cowl was investigated &t*the NACA Lewis
laboratory in the 8- by 6-foot supe=onic wind tunnel.

●

.

s
i-l
N

.—

The Inlet was attached to em afterbody, whioh formed the subsonic
diffuser, andwaa investigatedthrough a range of mass flows and
angles of attack from 0° to 10° at Mach numbers of 1.59, 1.79, and
1.99. In addition to the determination of drag end pressure recovery,

--

lift ’andDitGhlng-m~nt characteristicswere also obtained. The

average Reynolds number was approximately 2.4x106 based on the
mdel inlet diemeter.

The following symbols

A

%

CL

m

Cp

D

d

G

L

SYMBOLS

are used in this re~ort:

perforated area

drag coefficient,

lift coefficient,

pitching-moment coefficient about base pf model, G/~~2

pressure

drag

diameter

pitching

lift

ooeffictent, p-pO/~

—

at area of maximum cross section, 8.125 i~ches

moment about base of model
.
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length of model, 59.149 inches

Maoh number

mass flow

total pressure

static pressure

dynemic pressmej ypM2/2

area

inlet capture area defined by

msximum cross-sectional area,

velocity

velocity in boundary layer

axial perturbation velocity

4
x,r, 6’ cylindrical coordinates

Y distance frmn model surface

a angle of attack

Y ratio of specific heats

5 boundsry-hyer thiclmess

IJ absolute coefficient of viscosity

P mass density

Subscripts:

z local condition

. T throat of inlet

in boundery lay6r

.

cowl lip, 0.1704 square foot

0.3601 sq,usrefoot
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0 free stresm

1 cowl lip

2 station at x = 7.688 inches

3 entrance to combustion cheniber

5 minimum area at plug

mARA!rus AND FROCEDURE

Became the apparatus and procedure were, h
to those of references 4 to 6, only the sigafficsnt
=e discussed herein.
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general, stmilar
clifferences

A photograph of the pressure model is shown in figure 1 and a

s chematlc diagram of the complete ram-jet configuration is presented
in figure 2(a) with the details of the inlet shown in f@ure 2(b).
The coordinates for the entire model are given in ta%le I.

The inlet was des@ned so that the oblique shock wave from
the 40° cone would intersect the cowl lip at a free-stresmllach
number of 1.8. As shown in figure 3, internal contraction w=
incorporated (S1/ST = 1.188) to reduce the average supenonic

Mach number behind the oblique shock to approximately sonic velocity
for the shock-swallowed coddition at ~ of 1.79.

A method of calculating the perforation area necessery to
allow the normal shock to swallow is gtven in referenoe 2. With a

spike-type inlet, however, the existence of an appreciable boundary
layer along the spike causes an effeotive reduotion in throat srea
necessitating an increese fn perforation area over that calculated
by the method of reference 2. Because the displacement thickness
of the boundary layer was unlmown, the perforation area required for
normal shock entranoe was determined experimentallyflmm the pressure
model. A ourve d the ratio of the su?mnationof perforated area to
throat mea as a fumction of the ratio of diffusemsrea to throat
area as determined from the pressure model is presented in figure 4.
The force mceielwas investigated using the perforation distribution
es determined from the pressure model.

The l=ations of the static orifices on the pressure model
are given in
porated over

table II. Pressure orifices (ta~) we;e not incor-
the cowl because of the possibility of aerodynemiu

.

.

. —

.
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interference between the instrumentation and the perforations. ‘lhe
strain-gage balance and angle of attittie
those described in reference 4.N

P
s The desIgnation of the various axial

length used as subscripts in the notation
in figure 5.

indicat& were

stat ions along

of this report

Smlib.z’ to

the ndel
is shown

The tests with the force model covered a raue of mass-flow
ratios and angles of attack from 0° to 10° at Mac~ nuuibersof 1.59, ‘
1.79, and 1.99. The pressme mdel was investigated at only a
Mach-nuniberof 1.79 for the sezneangle-of-atta~k

13E3ULTSAND DISCUSSION

Cheracteristics at Zero Angle of

Erternal flow characteristics. - Chenges in

range.

Attack

the shock pattern

with varying amounts of mass spillage axe shown in the typical
schlieren photogra~ in figure 6. With the normal shock just inside
the cowl lip (fig. G(b)); ~~~, 0.871), the mass spillage prcduced

shock waves that were nearly normal to the surface; whereas with the
shock downstream of the perforations (fig. 6(c); maximum m3/~, 0.956);

the smaller spillage produced on= obllque.shock waves. At lower
meEs-flaw ratios, the shock pattern associated with additional mass
spille+p around the outside of the cowl lip is shown in figure 6(a).

The variation of total-drag coeffici.entwith mass-flow ratio
as measured with the force mcdel is presented In figure 7. The
total drag es obtained from this Investigation includes the pres-
sure and.friction forces on the =ternal shell and on the internal
surface of the shell from the cowl lip to the downstream end of
the perforated region end inclties the pressure force along the
limiting streezulineof the mem flow psssing through the unit
(sO of fig. 5).

The adveree effect on the total drag of increasing msss-flow
spillage through the perforations is imticated by the rapid
increase tn drag with decreas@ mass flow from the maximnm value
of 0.956 down to about 0.850 where the normal shock emerges frcm
the inlet entrence. For further decreases in mass-flow ratio
where the spillage through the perfoktions
constant, the drag increase is less severe.

remains essentially
The region of rapid
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drag incresse with u~treem movement of the normal shock in the
perforated region is probably a result of an increase in the foroe
along the limiting streamline So in addition to changes in the

s
cowl pressure drag. l-l

N

The ch=act eristics of the boundary-layer flow over the
external surface of the model were investigated at station 51.
With the assumptions that the static pressure‘measuredon the
mcdel surface shead of the r“%kewas constant through the boundary
layer”and that the total teqerature wss oonstant, the r*e data
were reduced to obtain Mach number profiles, examples of which
are shown in figure 8(a). When the snalysis in reference 7,
(which indicates that the outer limit of the boundary layer is
defined by a rapid change in the slope of the &oh number ~ofile )
is used, the boundary-layer thickness is less than the rake height
for only the maximum”mase-flow ratio where the shock is downstream
of the ~erforations. Figure 8(b) shows that by using the point 5
of figure 8(a), the data for the highest ~~ ‘flow ratio> *en
COnVerte5 to dhm-w ionless ratfos~ m in appra~te ~e~nt
with the 1/7 power variation associated with turbulent boundary-
layer flow.

The boundary-layer thickness determined at a mass-flow ratio
of 0.956 by rake measurements at station 51 was approximately
1.03 inches, which is considerably @?eater than the average value
of about 0.60 inch o%served on the nonperforatd mdels at the
same station. In en attempt to correlate the increased thickness
with the mass flow spilled through the perforations, the thick-
ness of the boundary layer at the rake station resulting from
mass-flaw spillage agd friction along the extetial suc’facewss
calculated by the method given in the appendti-. The calculated
boundary-lay& thickness ~f 1.02 inches is in “gooda@Wment
with the experimentalvalue. The clifference in momentum between
stations 3.3 and 51 is approximately equal to the friction force
along the surfece since the static pressure over this region is
relatively constant. The friction-drag coefficient of O.(X8
(method given in ap~endix), bssed on the nmxinnzufrontal area,

—.

was slightly smaller than the average value of about 0.045 deter-
mined fram the nonpetiorated inlet tests. This result might be
expected when the increased boundary-layer thickness is considered
along with the decreaae in wetted area that results from the
omission of the area ahead of station 3.3.

The force on the lhniting streamline of the spilled mass
flow and on the inside of the
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cowl to the downstream end of the %
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. perforattons was approximateed by using assumption (1) in the appendix.
This force corresponds to the momentum decrement given by the change
of the spilled mass from free-streem velocity to zero ~i,al velocity

E and in the present case results in a drag coefficient of 0.042 based
2 on the maximum frental mea.

The model external pressure drag was not obtafned expertientally
because of the lack of pressure instrumentation on the perforated
cowl. However, a part of the external pressure distribution wes
obtained and is shown in figure 9 for a mass-flow ratio of 0.956.
Also included in figure 9 is the theoretical pressure distribution
for an identical model without perforations and tithout msss -f low
spillage. The theoretical pressure-drag coefficient corresponding
to this distribution is 0.036 based on the maximum frental area.
Good agreanent of the experimental pressure with theory exists over
the rear of the model, hut the foremost data points indicate a
deviation that is ~obably associated with the petioration spillq.
It appeers that any lerge clifferences in pressure distribution are
confined to the region C1OSe to the perforationsbut since the
perforated surface has the greatest slope, any change in pressure
distribution over this area results in a relatively large change
in pressure drag.

,

w

.

It is possIble, on the basis of the values obtained in the
apperdi.x,to determine the approximate magnitude of the sw of
the pressure and friction forces acting on the external surface
frcm the cowl lip to the downstream end of the perforations. The
result obtained is shown graphically in figure 10 where the dif-
ference between the total minhmnn-drag coefficient and the sum of
the previousQ discussed components corresponds to a drag coeffi-
cient of approximately 0.040. Because of the relatively small
wetted area for this part of the mdel and consequently a small
friction force, it is probable that the greatest part the &ag
unaccounted.for is associated with the change in pressure distri-
bution due to flow spillage over the forwaml psz’tof the cowl.

This hypothesis suggests that an improvement in the etiernal
drag c~sracteristicswould be obtained if the spilled mass flow
was exlmustal through duets to the external flow over an area
parallel to the engine axis where any modifications to the
pressure distribution would not cause a pressure drag fncreaae.
Another method of reducing the perforation spillage dr~ is
suggested in reference 8 where it is shown that the hole shape
may be designed so that, with the shock downstream, no mass pesses .
through the hole to the external flow over the cowl.

I -i
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Internal flow characteristics. - The veriation of over-all total-
prossure recovery, ccnnlmetion-cheruberMach number, and inlet and sub-

-

sonic diffuser total-pkessure recoveries with mass-flow ratio is
presented fn figure 11. All total pressures and Mach nmbers were
cmputed es dfscussed in reference 4. 5’

l-l

Although the trend of the over-all total-~essure recavery with
..
N

mass-flow mtio ls similar to that of references 4 to 6, the curve
differs from those of the nonperforated inletq in t@t the over-all
total-pressure recovery centhues to increase after the nomal shock
passes downstream of the cowl MT until the meximum (crttical)mass
flow is reached and the shock enters the subsonfc diffuser. The
mass-flow spillage throu@ the perforations tith the shock complete~
swallowed emounts to about 4.5 percent. The tremis of the curves
of combuEtion-chamberMach number and the inlet and subsonic diffuser
total-~essure recoveries as functions of mass-fIuw ratio are also
similar to those of references 4 to 6. It should be noted, however,
that the data points at mass-flow ratios of 0.425 and 0.463 for the
inlet and subsonic diffuser cwrrw are in the range of shock
oscillation and are unreliable. The dashed portions of these curves
have been faired to indicate the probable variation that would exist

In the total-presswe recoveries without shock oscillation. —

The veriation of the internal pressure coefficient along the
d

lower surface of the spike and island of the tiel (6, oo) for
three mass-flaw ratios is presented in figure 2.2. A general trend w

of d.ecreesingstatic pressures with increasing mess-flow ratio
can be noted. At m3/q of 0.956; considerable disturbances exist

within the inlet indicating probable shock reflections in the per-
forated region after the establishment of supersonic flow in the

.+

inlet. —

Typical Mach number profiles at the entrance to the combustion
chember for three mass-flow ratios are presented in figure 13. The
largest variations in Mach number across the .gnnulerpassage
occurred at maximum -s flow. In general, the profiles indicate
higher velocities close to the ahe}l surface than ere obtained close
to the spike surface. This phenomenon is probably due to the
existence of a thinner boundex’ylayer along the outer shell because

—.

of a certain amount of boundary-layer bleed through the perforations.
As mentioned in reference 4, the variations in the profiles measur~
by the various rakes
the support struts.

are attributed to the wake effects p?cduced by

.

.

11
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* Effects of Changes in Angle of Attack ad Mach Nuniber

Ikrbernalflow characteristics. - The variation of total-drag
coefficient with mms -flow ratio for several angles of attack at

P three Mach numbers is shown in figure 14. The data at a Mach number
~ of’1.99 are presented for only a small rsnge of mass-flow ratios,

particularly at angle of attack, because of shock oscillation. For
a given angle of attack, the minimum-drag coefficient iiecreasedwith
increasingMach number. This variation is primexily associated tith
a corres~otiing change tn external pressure drag. The value obtained
at a Mach number of 1.59 is higher than the other values because the
shock did not swallow and therefore includes a ccmponent of additive
drag associated with flow spillage ahead of the cowl. The drag
coefficients are, in general, greater than were obtained for s imilsJc
test conditions with other models in the investigation. These
increases are attributed to the previous~ diecussed adverse effect
of spillage through the cowl perforations on the pressure-drag
coeffioient.

The variations of lift and pitching-moment coefficients with
mass-flow ratio for various angles of attack end Mach numbers sre
presented in figures 15 snd 16, respectively. In view of the
method of defining the external forces, the lift and pitthing moment
include the force actIng on the limiting streamline of the mess
flow passing through the unit in addition to the forces on the
internal surface of the cowl in the perforated region. Only small
changes in the coefficients with changes in mass-flow ratio are
indicated in figures 15 amd 16. The experimental’center-of-pressure
looation as affected by changes in us-flow ratio (fig. 17) is
within the range of approximately four to six engine diameters
ahead of the base for all angles of attack and Mach numbers
investigated.

The variations with angle of attack of the drag, the increment
of drag due to angle of attack, the lift, and the pitching+ncment
coefficients at critical mass-flow ratios for three Mach nwbers
are shown in figure 18. Also shown exe theoretical ewes deter-
mined by applying the method of reference 9, mcdified to apply to
an open-nose bdy and neglecting end effects. Comparison of the
experimental and theoretical curves shows that the increment of
drag and lift coefficient, with the exception of 10° angle of

*

attack at a Mach number of 1.59, are underestimated by the theory
whereas the pitching mcment is well predicted up to 6° but some-
what overestimated at 10°. The effect of mass-fbws pillage throqjh
the perforations was not taken into account in the evaluation of

s
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the theoretical
close agreement
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curves from the method of reference 9 and therefore
between expertient and theory cannot be expected.

Internal flow characteristics. - The variation of total-
*
s

pressure recovery and combustion-chemberMach numbw with mass-flow tQ

ratio for three free-stream Mach numbers and various angles of
attack is shown in figure 39. It can be noted that the decrease in
pressure recovery with angle of attack is more pronounced on the
~erforated inlet than for the inlets r’eportedin references 4 to 6.

Critica lnxws-flowratios decrease very slightly with angle of
attack up to 6°. The greater decrease in mass-flow ratio at 10°
angle of attack for the two higher free-Btreem Mach numbers is
probably due to the normal shock not swallowing completely over
the top half of the inlet, which results in greater flow spillage
through the ~erforations or aroud the outside of the cowl lip.
Because the shock does not swallow at all for a free-stream Mach
number of 1.59, the decresse in mass flow with increasing angle
of attack is very slight. The shock configuration associated
with the increesed mass-flow spillage due to angle of attack can
be observed in the schlieren photographs presented in figure 20.

A plot of the internal pressure coefficient along the lowm
surface of the spike @ islend for a constantmass-flow ratio
of 0.845 and various angles of attack at a free-stream Mach
number of’1.79 is pr~sented in figure 21. In the vicinity of the
cowl lip, the pressures indicate a slight cbwnstre~mowment of
the normal shock with increasing engle of attack. Additional
internal pressure data ez’etabulated in table III.

The variation of total-pressure distributions with angle of
attack at the entr~ce to the comlmstion chamber is shown in
figure 22. The trend of the total pressures with angle of attack
i8 -
At
of
it

●

not clearly defined, especially at the higher angles of attaok.
present, it is unkn&n whether-this condi~ion is–the result
asymmetrical flow spillage through the petiorations or whether
IS associated with shock oscillation. _. —

I?erformanceof Perforations

The average subsonic-flow coefficient of the perforations
calculated from the pressure data and continuity relatione was
approximately 0.53 (~, 1.79; a, OO). Ameasured value of

throat Mach number was used in the calculations rather than an

—

—

.—

-—

.
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assumed value of sonfc velocity. This meeu3uredvalue wes used because
itiications of boundary-layer build-up along the spike oausing pre-
mature choking at the throat were noted while the measured average
Mach number at the throat was some subsonic value less than unity.
The calculated value of subsonic-flow coefficient is in good agree-
ment with that of’refere~e 2.

IsUMMARYOF IuHuLw

An investigation of a typical rem-jet configuration utilizing a
single-shock spike-type inlet with a perforated cowl was conducted
in the Lewis S- by 6-foot supersonic tunnel at a Reynolds num%er of
approximately 2.4x106 based on the inlet diameter. The investi-
gation was conductel for a range tinmass-flow ratios ad angles of
attack at free+ tresm Maoh nmntezw of 1.59, 1.79, and 1.99. Force
and pressure data were taken and the following results were obtained:

1. The use of perforations in the cowl of a spike-type inlet,
while giving relatively high pressure recoveries, resulted in-rather
l=ge drag increases.

2. Shock oscillation was encountered at the lower mass-flow
ratios for all three free-streem Mach numbers. The range of stable
operation decreased with increases in angle of attack and Mach
number.

3. Decreases in critical mess-flow ratios wfth increasing
angle of attack were ruorepronounced at the hi@er Yree-streem Mach
numbers because of associated changes in the inlet shock configuration.

4. The average subsonic-flow coefficient of the perforations
was approximately 0.53. This value was in good agreement with that -
obtained in a previous investigation.

Lewis Flight ?ropulsion Laboratory,
National Advisory Committee for Aeronautics,

Cleveland, Ohio.

.

.
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APPENDIX w

EFFECT OF FLOW SPIIIJKX ON BOUNDARY-IMUER CHARACTERISTICS

The analysis of the boundsry layer and the spilled mass at the s

d.ownstreemend of the ~erforations was mede by wnploying the following ~
A

assumptions: .

(1) The total momentum decrement in the boundary layer at
station 3.3 wes sssti to be that which corresponds to the product
of the spilled mess (assumed to enter the external stream normal to
the direction of flow) and the free-stream velocity. The assump-
tion of zero exial.velocity of the spilled mass is questionable
because the spinal flow does not have to be turned 90° to the
stream direction to pass through the perforations. It is therefore
implied that the axial momentum of the spilled mass is equal to
the defect in momentum due to the boundary-layer flow over the
cowl aheed of station 3.3.

(2) The air passing through the perforationsmixed with the
free-stresm air and the boundary-layermom6ntum defect at
station 3.3 is distributed essuming .—

1
7

u’-=
()
g

u

.

(1) .

that is, the boundary layer at “thisstation is of the ssme turbulent
profile as determined at station 51.

(3) The turbulent boundery-layer thickness increases in
accordance with the following relation

4“
5

()
K Ze

8.—

()

(2)
pu ~
~5

where K is equal to 0.34, a value that was determined by an
analysis of the turbulent boundary-layer growth characteristics
obtained from measurements of nonperforated inlets having approx-
huately the sane external proportions.

— ....

With these three assumptions, the momentum thickness of the .

bound~ layer at station 3.3 was computed and this value wes used —

“
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i. to obtain the boundary-layer thickness 5. The effective length of
run 2., necesssry to obtain this value of b, was determined frcm

equation (2). The length obtained in this manner was added to the
P
o distance letween stations 3.3 and 51 to obtain the effective value
l-l
N of 20 at the rake station. Then usimg equation (2), the thickness

5 the rake station wss calculated.

.
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TABLE I - CORDINATES FOR 8-INCH RAM-~” COKFIWJRATION

.

.

(a) Center-Bod~Coordinates

Station
(in. downstream
of’cowl lip)

0.5
100
1.5
2.0
2.5
3*O
3.5
4.0
5.0
6.0
7.0
7.675

10.0
12.0
14.0
16.0
18.0
20.0
22.0
24.o
26.0
30.031

Diamete~
(in.)

2.657
3● 020
3.383
3.734
4.027
4.265
4.365
4.430
4.525
4.575
4.600
4.600
4.585
4.545
4.486
4.415
4.327
4.220
4.084
3.922
3.715
3.343

(b) Outer-Shell Coordinates

Station
(in. downstream
of cowl lip)

0.5
1.0
2.0
3.0
4.0
405
5*O
8.875
9.875

22.0
30.0
32.0
56.0

External

5.e55
6.045
6.330
6.538
6.670
6.714
6.750
6.947
6,998
7.616
8.024
8.125
8.125

TABLE 11 - LOCATION OF STATIC-PRESSURE
ORIFICES ON PRESSURE MODEL

Station
(in. downstream of cowl lip; negative

alues indicate in. upstream of cowl lip)

External
Internal

(b)
shell orifices

(a) Spike Island
1

11.0
12.0
14.0
16.0
18.0
21.0
24.0

. 27.0
31.0
35.0
4000
45.0

Dial

-1.5 8.0
-1.0 9.0
-0.5 10.0
0.0 11.0
0.5 12.0
1.0 14.0
1.5 16.0
2.0 18.0
2.5 21.0
3.0 24.0
4.0 27.o
5*O 31.0
600 37.0
7.0

aTwo rows of orii’iuesat @

and Q = 270°.

be = 00.

ter
.)
Internal

5.712
5.850
6.100
6.3?02
6.430
6.470
6.500
6.697
6.748
7.366
7.774
7.875
7.875

w
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TABLEIII- EXT2RNAL AND INTERNAL PRESSURE DISTRIBUTIONS OF NACA 8-INCH RAhlJET

Sta-
tion

CONFIGURATION FOR FOUR ANGLES OF’ATTACK AT FREE-STR2AM MACH NUMBER OF 1.79

(a) Angle of attack, 0°,

m3/q = 0.956 m3/mo = 0.04’7
I

m~mo z 0.682

-1.5
-1.0
-0.5
0
0.5
1*O
105
2.0
2.5
3.0
4.0
5.0
6.0
7.0
8.0
9.0

10.0
11.0
12.0
14.0
16.0
18.0
21.0
24.0
2’7.0
31.0
35.0
37.0
40.0
45.0

I I

LongLtudlnai distribution of Cp

Outer shell,
external

1800 I 270°

-siil__

Center
body

~o

“0.328
.302
.351
.345
.351
.363
.600.
● 471
.958
.699
.633
.631
.651
.561
.725.
.940
.!333
.993

10081
1.217
1.314
1.388
1.483
1.563.
1.614

“ 1.651

1.670

,Outc
e:

l&_Jo

-0.016
-.o14
-.012
-.012
-.004
.001
●MM

-.OQ1
.004

-.019

-.o1o
-.013

ehell,
]rnal

2700

-0.022
-.019
-.013
-.00’7
-.009
-.004
-.004
-.002
.004

Center
body

00

0.328
.303
.355
.429

1.112
1.238
1.238
1.190
1.172
1.122
1.294
1.304
1.316
1.335
1.33(3
1.350
1.354
1.370
1.399
1.461
1.511
1.553
1.612
1.661
1.695
1.717

1.738

Circumferential distribution of CD

out
e

180°

-0.024
-.022
-,019
-.016
-.008
-.002
.002

-0002
.001.

-.022

-.013
-.015

ehell,
ernal

2700

-0.033
-.027
-.022
-.015
-*017
-.010
-●009
-.002
-.001

Center
body

00

0.3i?8
.364
.594

1.041
1.223
1.305
1.344
1.348
1.377
1.388
1.511
1.524
1.332
1.540
1.540
1.542
1.S32
1.538
1.556
1.594
1.629
1*668
1.701
1.738
1.761
1.772

1.783

Sta- Outer shell, external Outer shell, external Odter ehell, external
tion

e+ 198° 216° 234° 252° 198° 216° 234° 252° 1-98° 216° 234° 252°

14.0 -0.002 -0.004 -0.007 -0.002 -0.01.2-0.016 -0.01’7-0.009 -0.019 -0.022 -0.023 -0.014
43.0 -0012 -.012 -.012 -.012 -.012 -.012 -.013 -.o14 -.014 -.014 -.015 -.015

v

-.

.

—

.

b



1
J-

.

.

.

NACA RM E51B05 17

TABLE 111 - EXTERNAL AND INTERNAL PRESSURE DISTRIBUTICMS OF NACA 8-INCH RAM-JET
CONFIGURATION FOR FOUR AIiGLESOF ATTACK AT FREE-STREAM !dkCHNUMBER OF 1.79 - Continued

3ta-
kinn

3+

-1.5
-1.0
.0.5
0
0.5
1.0
1.5
2.0
2.5
3.0
4.0
5.0
6.0
7.0
8.0
9.0
.0.0
L1oO
.2.0
.4.0
.6.0
.8.0
!1.0
?4.0
!7.0
il.O
;5.0
j7.O
:0.0
:5.0

(b) Angle of’attack, 5°.

m3/mo = 0.946 m3’bO = 0.888 m3fmo = 0.036

Outer shall,
external

Longitudinal distribution of CP

Center
body

1s00 270° 00,

-0.018
-0.(123 -.016
-.020 -.012
-.010 -.008
-.008 -.m8
-.002 -.007
.OQ4 -.000
.006 -.003
.001 -.002
.004

-.020

-.011
-.012

0.395
.367
.421
..41s
.431
.433
.505
.115
.579
.581
.669
.678
.655
.554”
.460
.094
.904
.966

1.056
1.192
1.200
1.364
1.461
1.541
1.595
1.632

1.662

.

-0.030
-.027
-.o17
-.013
-.006
-.001
.002

-.004
-.001
-.022

-.014
-.015

270°

-0.023
-.022
-.018
-.014
-.014
-.012
-.012
-.006
-.004

Center
body

00

0.392
.365
.418
.414
.420
.432
.504

1.007
1.095
1.020

.1.205
1.216
1.234
1.265
1.269
1.310
1.308
1.328
1.364
1.438
1.499
1.546
1.614
1.671
1.704
1.732

1.756’

.. Circumferential distribution of CP

Outer shall,
external

1s00.

-0.035
-.030
-.021
-.016
-.002
-.004
-.001
-.004
-.001
-.022

-.o14
-.015

270°

-0.020
r.027
-.022
-.017
-.017
-.012
-.012
-.007
-.004

Center
body

00
0.393
.366
.419

. .41a
.931

1.1s0
1.201
1*179
1.167
1● 107
1.285
1.293
1.304
1.319
1.304
1.330
1.319
‘1.335
1.371
1.443
1.501
1.649
1.614
1.668
1.702
1.725

1.746

lta- 1 Outer shell, external I Outer shell, external I Outer shell. external

.4.0
:3.0

198° 216° 234° 252° 198° 216° 234° 252° 198° 216° 234° 252°

-0.015 -0.018 -0.020 -0.005 -0.021 -0.024 -0.025 -0.013 -0.025 -0.028 -0.028 -o.o17
-..013 -.013 -.018 -.020 -.015 -.015 -.020 -.022 -.017 -.017 -.020 -.024

v

.
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TABLE 111 - EXTERNAL AND INTERNAL PRESSURE DISTRIBWI’IONSOF llACA8-INCH RAM-JET
CONFIGURATION FOR FOUR ANGLES OF ATTACK AT FREE-STREAM MACH NUMBER OF 1.70 - Continued

(c) Angle of attack, 6°.

Wa-
;ion

m3/lno= 0.937 1 m3/mo = o.9~4 I m3/w3 = Q.=
—

Longitudinal distribution of Cp

Outer shell,
external

Outer shell,
external

Outer shell. I Center Center
body

00

Center
bodyex”

——
180°

rnal “

270°.270° 00 1800 2’700 00

-1.5
-1.0
-0.5
0
0.5
1.0
1.5
2.0
2.5
3*O
4.0
5.0
6.0
7.0
8.0
9.0
LO.O
L1.O
L2.O
L4.O
L6.O
L8.O
?1.0
24.0
27.0
51.0
55.0
57.0
10.0
15.0

0.463
.437
.495
.504
.507
.507
● 417
.024
,545
.495
.630
.619
.598
.517
.092
.969
.985

1.027
1.091
1.199
1.270
1.345
1.433
1.513
1.565
1.606

1.633

0.466
.440
.497
.506
●510
.6#c
.418
.476
.635
.850

1.087
1.117
1.3.44
1 ● 187
1.219
1.264
1.261
1.281
1.317
1.390
1.448
1.496
1.563
1.626
1.665
1.698

1.722

0.464
.438
.495
.504
.511
.930
.897
.973

1.070
1.060
1.261
1.268
1.278
1.291
1.274
1.297
1.263
1.294
1.342
1.422
1.485
1.536
1.609
1.669
1.706
1.732

1.750

~0.038
-.041
-.040.
-.040
-.038’
-,038
-.038”
-.033.
-.029

-0.035
-.038
-.038
-.038
-.038
-.038
-.038
-.034
-.029

-0.043
-.044
-.043
-.040
-.040
-.039
-.039
-.034
-.030

-0.035
-.027
-.021
-.012
-.004
--.001
.002

-.002
0
-.023

-.o14
-.014

-0.037
-.029
-.021
-.012
-.006
.Oo1
.002

-.002
.001

-.022

-.014
-.014

-0.043
-.035
-.028
-.017
-.010
-.003
0
-.003
-.001
-.023

-.015
-.015

Clroumferential distribution of Cp
I I

;ta- Outer shell, bxternal Outer shell, external
;lon

Outer shell, external

)- 19s0 216° 234° 252° 19s0 216° 234° 252° 198° 216° 234° 262°
1 1 I

.4.0 -0.025 -0.0321.-0.045 -0.039 -O;026 -0.033 -0.045 -0.040 -0.300 -0.035 -0.048 -0.043
13.0 -.0181 -.022! -.029 -.041 -.018 -.020 -.027 -.041 -.018 -.021 -.028 -.036

T

.—

.

.
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b

TASLE III - EXTERNAL AND INTERNAL PRESSURE DISTRIB~IONS
OF NACA 8-INCH RAM-JET CONFIGURATION FOR FOUR ANGLES OF
ATTACK AT FREE-STREAM MACH NUMBER OF 1.79 - Conaluded

(d) Angle of attack, 100.

Ste-
tion

-1.5
-1.0
-0.5
0
0.5
1.0
1.5
2.0
2.5
9.0
4.0
6.0
6.0
7.0
8.0
9.0

10.0
11.o
12.a
14.0
16.0
18*O
21.0
24.0
27.0
31.0
35.0
37.0
40.0
45.0

-

I ~3/uLO= 0.857

Longitudinal distribution of Cn

Outer shell,
external

1600

-0.045
-.038
-.024
-.014
-.009
-.004
-.002
-.006
-.004
-.030

-.020
-.024

270°

-0.075
-.083
-.088
-.091
-.101
-.1o4
-.104”
-.099
-.0ss

Center
body

00

09554
.545
.608
.599
.605
.S07
.413
.030
.593
.487
i501
.510
.456
.382
.396
.581
.629
.471
.312
.1s8
.482
.711
.907

1.045
1.131
1.187

1.224

Ouix
e:

moo

-0.048
-.039
-.024
-.014
-.007
-.002
-.001
-.004
-.002
:.028

-.019
-.023

shall,
>rna1

270°

-0.075
-.082
-.089
-.090
-.101
-.102
-.101
-.096
-.006

Circumferential distribution of CD

Center
body

00

0.54s
.539
.602
.595
.613
.771
.386
.584
.798
.754

1.035
10081
1.120
1.164
1.194
1.234
1.246
1.264
1.292
1.348
1.396
1.436
1.492
1.548
1*585
1.612

1.628

Outer shell, external

=&=

-.

.

.
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(a) M9s.-flcw ratio, 0,683. (b) Mase-fl.owmtio, 0.871.

%%7’
(o) lass-flow mtiio, Q.956.

~~ 6. - Typical eoh~eren photgphs at zero engl.a of attack and free-stream Moh nmber & 1.79.
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Figure 7. - Variation of totql-drag coefficient with mass-flow
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Figure 8. - Typical external boundary-layer profllefl at station 51 for free-stream~ch num.

ber of 1.79 and angle of attack of OO.
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Figure 10. - Drag characteristics at free-stream Mach number of
1.79 and angle of attack of OO. .—
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Figure 11. - Variation of total-pressure recovery and combustion-
chatnber Mach number with mass-flow ratio at free-stream Mach
number of 1.79.and angle of attack of OO.
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Figure 12. - Longitudinal variation of internal pressure c~fflcients along lower surface of
model spike and Island at free-stream Mach number of 1.79 and angle of attack of OO.
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* (a) -s.-flow ratio, m~mo, 0.956.

(b) Mass-flow ratio, m~~, 0.247.
.2

.1 /
/
I

o . . ! A A
1.0 .8 .6 .4 1.0

Radlu13ratio, P/r3

(c) Mass-flow ratio, m#~, 0.425.

Figure13. - Variationof Mach number dlstributicmat entranceto ccnn?nmtlonchamberfor
threemess-flowratiosat free-e.treamMa .79and angleof attackof 6°.
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of attack for three free-Btream Mach numbers.
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Figore 16. - Variation of’external pitching-moment coefficients about base of model with
mass–flow ratio at three angles of attack forhthree free-stream Mach number6.
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coefficientswith angle of attack at critical mass-flow ratios for three
free-stream Mach numbers.
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(a) Km-flaw ratio, 0.708; free- (b) lhES-flOW ZU_biO,0.893j W- (0) W&w-flaw ratio, 0.893; free-

dawam Mmh n-r, 1,59 wluwam liaohnmnter, 1.79. stream Maoh mmber, 1.99.

Fi&’ure20. - TyPlcal soh13eren photographs at angl.a& attaok cd’10°.
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Figure 21. - Longitudinal variation of Internal pressure coefficients along lower surface
of model spike and Island for constant mass-flow ratio of 0.845 at free-stream Mach
number of 1.79 for four angles of attack.
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Figure 22. - Variationof total-pressuredistributionat entranceto combustionchamberfor
aPPrOfi~telY Cmst.nt mm-flow rd.io at free-streamMach number of 1.79 and for four
angleaof attack.
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